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nocBHmena HcaneaoBaiuoo BOSMQXHOCTH
HH jyw ynpaajieHHH flBHsemieM
(KA) B OKpSQTHOCTH KOJMHHeapHOfl TO'DCH JIH(5paitHHJUH5CKOfl
KpyroBofi s^sa^H Tpex TSJI. ynpaBJieHHe opjnfiecTBJweTCH H3tae-
H6HH6M mou^im "cojmefeKco napyca" npn npefonHHofi ero opHeHiamm.
B aaaaie ynHTHBaeTCH BJOiHHH&ximiJoK^splieKTopHHX HSMepeHHfi H HC-
napyca" KA, He-
B oKpecTHucTH^KMjmHeapHofi TOHKH jm(5-
panjm B Te^eHHesajSaHHoro BpeMeHH c sajiaHHoajjefiOHTHOcTLK). Burac-
JIBHH ocHoajjie^paKTepHCTiiKH ynpaBneHHH xnx. HeKOibpK npaMepoB B
jmdpamiH CHCTSM CanHue-SennH H SeM
cjiosa: JutdpargioHHaH ToiKa, ynpaatteHHe,
This paper ie dedicated to the possibility investigation of
the utilization of the solar radiation pressure for the space-
craft motion control in the vicinity of collinear libration point
of planar restricted ring problem of three bodies. The control is
realized by changing "the solar sail" area at the its permanent
orientation. In this problem the influence of the trajectory mea-
suring errors and the errors of the execution control is account-
ed.
It is worked out the estimation method of the "solar sail"
sizes, which are nessesary for spacecraft keeping in the vicinity
of collinear libration point during the certain time with given
probability. The main control parameters were calculated for same
examples in case of libration points of the Sun-Earth and Earth-
Moon systems..
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I.BBeaeHHe. B padoie [I] (5ana nocTaaneHa aafla^a 06 yaepaaHHH KA
a OKpecraocTH KQjuniHeapHoB TO^KH jmcSpamm OTIOCKOH orpaHH^eHHofi
Kpyrosoft. aaflfpoi Tpex Tan c noMombD CHJI CBeTosoro jtaBJieHnq.
nojiarajiocB, vro HanpaBJieHHe CMH CBeTosoro fla
Ha KA, HOCTOHHHO coBnajjaei c -HanpaBJieHHeM CBeTosoro noTOica. 3ro
jocTHraeTCH c nouombD cneipjajiBHoft KOHCTpyKmm KocMireecKoro anna-
paia (KA cq c$epiraecKofl cxSojioiKoa; KA c come^HUM aicpaHOM z npo-
THBOBecoM, naccHBHO cTadmmsHpoBaHHufl no HanpaBJiemiK) Ha Gcuimie H
T.n.). Tajtaa KOHCTPJTKIIHH HsdaBJweT OT Hecx5xojHMOCTH coajaHHH cne-
-HHanbHofi CHCT6MH ynpaBjieHHH opHeHTaaaefl KA H MOHST npeBCTasjiHTB
caMOCTOHTejn.HH8 HHiepec npH KOHCTpynpOBaHHn caMoynpaBMeMoro KA.
.uBHsemreM KA B STOM cjiyqae ocymecTBJiHeTCH aa cier H3-
BOJIH^HHH CHJIH CBeTosoro ^asjieHHa, ITO
HeaneM njioma^H "comeiHoro napyca" KA. Eonee onoxHue TexmnecKiie
pemeHHH (nanpHMep, ynpasjieHHe opHeHTaujiet ccxrae-ffloro sKpana), BO-
roBOps, Moryr trpBBecTH K yMem>nieHnr waccu CHCTeim. Ten caMHM
B saoTosimez patfoie oijeHKH pasMepoB "ccoiHeHHoro napycay
xna ynepsaHHa KA B" OKpecTHocTH KOJuraHeapHoB TOHKH w-
B TeieHHe SS^SBKOTO BpeireHH, HBJMKJTCH B HSKOTOPOM CMHCJIG
omtCHBaeTCH [I] CHCTeMoS jra-B rjiasHOM npmimseinoi
HeflHHx HH$$epeHioiajiBHux ypasHeHHfi
i
napauaTpu sana^iH (CM., Hanpnuep, [I] , [2] ). B TOCTHO-
CTH, ecjra OAHO HS Tpex t&Ji - Ccunme (ECTO^HHR cseTOBofl pa
TO B cpoTHomeHiwx (I) HyztHO nojiosHTB V=I z D ( V ) = a ( 0 ) .
jieHEe Su yjiOBJieTBOpaeT ycjioBmo |8u| < I. BeKTOp V CBHsaa
HHM COOTHOmeHHeM
(2)
( ac , y , ± , y )T onpeaeuuaauHM
M6HHHX (KOOpflHHaT II KOMEOHeHT CKOpOCTH KA) OT BHdpaHHoK
TpaeKTOpim. UaipHna Q - nocTOHHHa, a se-
U* npOnOpmiOHajIBHa &£= £max~ $mm , IWe £m<ix, £m,n~
a MaHHwajEbHaa sonycTHMue miomajtu "cojmeHHoro napyca"
KA ( [I] , CTp. 5, 6 H 8).
Ilpa OTcyrcTBHH ynpaBneHHH (Su=0) pememie CHCTOMH (I), B na-
CTHOCTE , cosepSHT aKcnoHeHiiHajrbHO pacTymyio KOMnoneHTy VL=
sosHHKaeT cjieflysmaH saaaia: c noMomBD ynpasjieHHH
KA B. oicpecTHocTH onopHoB %paeKTOpHH B
speMeHH. HeKOTOpue CXSMH ynpasjieHEfl, Hcnojn>3yrawie crniy
cBeTOBoro flaBneHHH H pemanime 3Ty sans^y B aeTepMZHHpOBaHHofi noc-
TaHOBKe, CSlWH paCCMOTpeHH B [l] j?
fljra npoH3BOJO>Horo SHa^eHoa T=t -to B npooTpaHCTBe seKTopoB
V (5ara onpe^ejieHH [I] oAnaoTH ynpasjiHeMocTH. Tanofi odJiacin
npuHajyieaaT JUHHB TO^KH V° > us Koxopux MQKHO nepefiTH sa spem,
He npeBocxoflsmee T, B Ha^aao KOopflKHaT V =0 c noMombn orpaioneH-
Eoro no sararaHHe ynpaBiieHHH Su ( |5ui<. I), rpanmia odnacra ynpas-
OIHeMOCTH COCTOHT H3 TO^BK V , BpSMH nepeXOfla H3 KOTOpHX TOHHO
paBHO T, a ynpaaxeHze Su coBnaataex c ynpasjteHBeM, onTimajiiHUM no
HaH odjiacra. ynpaajiHeMOCTH (npH T-*00)
codofi ncuiocy B ueTHpexmepHOM npocTpaHCTse
ECJIH TOIKa V(t) B HeKOTOpHft M01TOHT BpeMBHH t OKaseTCH BH6
oOJiacTH ynpaBJweMocTH, TO OHB He MoxeT duTB nepese^eHa B
(3) c noMoao>D ynpaBJieHHH |SuJ4^ .
B patfoTe [l] , B «iaoTHocTa, HocjieKOBanacB cxeaa yupaBJieHHH,
nepeBojwmero ^asosyB TO^KJ HS ncwioaeHHa V° Ha ranepiwocKOCTB
Vi=0 (oflHOMepHHfl BapnaHT sa^ain). B STOM cjiy^ae KA nepeBO^HTCH
Ha TpaeKTOpsoa, nocTOHHHO EaxoAfflOynca B HeKOTopofi oKpecTHOCTH
onopnofi TpaeKToprai. ynpaBJieHHe Su. , onTHuanHoe no 6ucTpop,e&ctEBX)
flBuweTca pejieteofi $yHKipefl Su= -I c nepaofloin AT=TT/j (^JM
 CH-
CT6MH CojQn;e-3ewiH &r=v°) . Ana OABOMBPBOPO Bapzanra sajia^iH
npejottbHaa odnacTB ynpaBJweMocTH larase onpeaeJweTCH cooTHomeHH-
6M (3).
B HacToamefi padoxe paccwaTpHBaeTCH cToxacTireecKH2 sapaaHT
oimcaHHofi BHine saflaia, Kor^a HSMepeHHH napaMeTpoB TpaeKTOpmi KA
H HcnameHHe ynpaanflSHtux B03,ne3cTBHH ocymecTBjurorcfl co
MH omndKaMH. HcanejoreMaH saaana B odmeM BHHB JopMyjmpyeTCH
OQ3M odpasoM: n p H H S B ' e c T H H X a a K o H a z p a c -
n p e s e j i e H H H B e p o H T H o c i e f i E x o f l a m n x
B s a f l a T j y c J i y n a B K H X B S J I H H H H o u e -
H H T B B e p O H T H o c T B y f l e p s a H H H K A B
T e ^ e a n e s p e M e H H T B H e n o T o p o H s a -
f l a H H O f i O K p e C T H O C T H O H O p H O f i T p a e K -
T O P Z H H H C C J i e f l O B a T B S a B H C H M O C T H
3-TOfl B e p O H T H O C T H O T . n a p a M 6 T p O B -
3 a B a H H . B KanecTBe yicasaHHoa OKpeCTHOCTH <3yfl6T
peflejitHaH otaacT!. ynpasjiHeMocTH fleTepMHHHposaHHoJi
(3).
cioxacTiraecKaa saaa^a B HacioHmefl pa<3oTe <5yj;eT
B flHCKpeTHOft HOCTaHOBKe. IIpH 3TOM <3yfl6T
TpaeKTopiaie HSMepeHHH ocymecTBJLHJOTOH B $HKcapoBaHHHe MOMBHTH
HSMepaeMHe napaweipu jmnetoo CBH3aHH c BeKTopoM COCTOH-
HHH V (V) • a ynpaBJieHHe BHdnpaeTCH HS miacca KycoiHO-nocTOHHHHx
iJymmHft c paspHsawH B Te xe MOMGHTU BpeMean. toi nojiy^eHiiH oueHKtf
BeKTopa COCTOHHZH H BiTfficjieHHH BazorumH ynpaBJieHHH HcnojQ>3yeTCH
$KJQ>TP Kajmana. J&cKpeTHuft sapnaHT HcxoflHoS sajia^H oiracaH B pas-
2. IncvioBMe ouemtH ww aroro BapaaHTa sajiaiH nonyieHH MeTO-
MoHTe-KapJio H npeflCTasjieHH B_pa3flane 7.
HpejiBapHTejiBHO B paaaaiax 3-4 aHajm3Hpyi)TCfl ynponjeHHHe Ba-
HcxoflHofi sa^aiH, nosBojiHBiUHe oaeHHTB o&iacra sHaneioiH na-
paiieTpoB, KOTOPHM cooTBeTCTBymr "pasywHHe" BepOHTHOCTH yaepaaHHH
KA B TeieHze HecKanBKHX JIST. B pas^ejie 3 flaeicn nocTaHOBKa orpa-
HineHHoro oflHOMepHoro BapnaHTa sasaia, KOTOPH& BoaHHKaeT npa cne-
Time TpaeKTOpHHx H3MepeHH2. HecMOTpn Ha PHJI. ynponaiomm
caejiaHHHX B pas^ejiax 2-3, HCCJiexoBaHHe orpaioiqeH-
Horo o^HOMepnoro BapaaHTa sa^aiz,TOK se KEK H o6me& sa^aHH, c no-
MomBB MeTo^a MoHTe-KapJio BecBua Tpy^oeMKo ns-sa ciojr&moro ^racjia
uapaMBTpoB. HcncwiBSOBaEze aHajmTOTecKHX MeTogOB HccjieflosaHHa noc-
aflaiH saTpygHeiio, B nacTHOCTH, HajoraneM orpaHH^eHiw aa
B pas^ane 4 pemaeTca HeorpaaineaHufi oflHouepnufl Bapn-
aHT samara, B KOTOPOM Hex TaKoro orpaHZHeraiH. HcwiyHeHH cooraome-
HHH flJIH Bira0CJieHHH BepOHTHOCTH yaepSaHHH KA B OHpeCTHOCTH'OnOpHOH
B TeneHne sa^aHHoro HHTepsajia BpeMerai.
B pasfl&ne 5 npHseaeHH incjieHHHe pesyjiBiaTH orpaHEneHHoro H
oaHOMepHitx BapHaHTOB saaaHH. HCKOMEH
B orpaHOTCHHOM ojuioMepHOM BapnaHTe sa^aHii c
CTaTHCTHHeCKHX HCnHTaHHfl, a B HeOrpaHHHeHHOM
- c noMonp>K> BKBe^eHHUx aHajnrrHHecKHx cooTHOiueHHB. BOTHC-
JI6HHH npOBOflmfflCB KKSl KOJLJIHHeapHHX TOH6K JIIldpaHHH Ui CHCT6MH
Cojnme-3ei«ma u La cucieMH SenuiH-JIyHa. Kan noKasann 312 BHHHCJie-
HHH, ftoa flociaToiHO dojEbiimx HHTepsajiOB BpeMeHH Mesjy ToiKaMj! ne-
ynpasjieHHH accjieflyeMHe xapaKTepHCTHKH WCH otfoHX Bapa-
sa^a^D! (SJEHSKH no Bejoruane.
B pasflejie 6 Ha OCHOBS 3BpHCTiraecKHx coodpaseaHfl yciaHaBJiH-
cooTseTCTBHe Mesny ucxoflHoa saaa^efi H ee orpaHHqeHHHM ofl-
HOMepHHM BapnaHTOM. C nOMOmBK) BHHHCXieHJlfi OIieHHBaeTCH TOHHOCTB
yKaaaHHoro cooTBeTCTBHfl. Ten caMHM, peman cymeciBeHHO (jojiee npoc-
BapnaHT saaaia, OKasHsaeTCH BoawoaHiiM HaflTH npa-
snaieHHH napaMeipos, otiecne^ssBaEEsae Tpetiyejaie BejnposHE
flepsaHHH KA WIH ncxoflHofl samara, B aaBHCHMOCTH OT
xapatcTepHCTZK onrnfioK TpaeKTOpHHx H3wepeHn8 H Hcnoa-
ynpaBJieHHH. npH 9TOM paccMaTpmaiHCB pasjmqHHe BUHH TpaeK-
TOPHHX H3MepeHn2: pasHOTexHHHecKHe HSMepemiH flantHOGTH H pajmaaB-
HOfi CKOpOCTH KA OTHOCHT6JIBHO HaseMHIQC nyHKTOB, yT^OBUB H3M6peHHH
c ijopTa KA. OueHKH neotJxo^HMHX paswepOB "coraeHHoro napyca" KA
npHBe^eHH B Ta&nmax pasaejia 7. Run muiucTpanHH Hcnojn>30BaHHH
BTHX Tatom; B STOM pasaejre paccMoipeHH neiupe
2. JteCKpeTmcS aHajior cToxacTmecKofl saja^H. CioxacTiwecKaH
B 3Tofi padoie paccMETpHBaeTCH B .nHCKpeTHofl nocTaaoBKe.
[to,t0+T] pasdHsaeTCH Ha f/' noaHHTepsajiOB ( tn .t^.J TOH-
...,t^ (tv=T+t0). npeflncuiaraeTCH , HTO rpaeKTopnue z3Me-
P8HES a H3M6H6HKH ynpaBJieHHH Su MOHHO HpOBOflHTI, JTHBIB B MOM6HTH
BpeMeHH ta (a =0,1 ..... A/ ). Ha HHTepsane ( tn.,tnfi] ynpaaneHHe 8u
nOCTOflHHO ( |Su| =4 I).
McnojEbsya STH npeanoJioseHKH H HHTerpHpya CHCTeMy
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fi KfWtHfl MOM6HT BP6M8HH tn. Ha'OCHOBaHEH OCipadOTKH TpaeK-
HSMepeHHfl, ndxyHeHfiux Ha HHTepBajie [ to«ta] , wxzcjixeTca
V ( M ) BOKTOpa COCTOHHHH V ( H.). 3Ta OO/SSKSi 6jZei HCHOJIi-
Huse npH Haxo^neHHz pac^eTHoro sHa^eHHH ynpaaneHZH Un .
peajmsoBaHEoe ynpaaneHze Un. oT^iraaeTCH or pac^eiHoro
Ua Ha sejm<mHy omndKH XCHOXEQWH. Un= Ua- Qn. B HCXO.U-





BuOopa pacneTHoro saa^enHH ynpaKneHHH un MOSHO BOC-
naiu>3OBaTi>CH, Boodiqe roBOpa, paanHHHUMZ KpzrepZHMH. Kan oTMe^a-
jroct BHme, npz OTCJTTCTBHH ynpaBneam ( U'n.=0) nepsan KOMnoneHTa
sexTopa COCTOHHZH 3KcnoH6Hnjiajn)HO (SucTpo BoapacTaeT. npz STOM oc-
TaxbHue KOMnoHeHTU seKTOpa V ocTaDiCH orpaHHteHHHMH. B 3Tofl pa-
<3oTe pacieiHoe SHaiemie ynpaBJieHHa Un CiyaeT BmSnpaTBCH H3 ycjto-
BHH UHHHMEISaUEH B UOU9HT BP6U8HH tn.«i UOfffJIK ESpBOtt KOMEOHeHTH
|Vt(n+i)l BeKTopa V (rv-i), rse iepes V (n+i)
xHBamie BeKTopa V (n+i) npn ycjiOBHH, HTO B MOMBHT tR cituia
oueHKa V ( n ) . BOSMOHHOCTI, ncnojn>30BaHHH TaKoft orpaan-
cTpaierHH ynpaBjieHJiH jyw pemeHEH saaaiH y^epaaHna ICA B OK-
peCTHOCTH KOJWHHeapHOfi TOHKH JIHCipaHHK, KOPflE KOppeKItHH j^BHSCeHHH
KA ocymeciBJWBTCH c HOMOIUBKI peaKTZBHitx ^BHraTejie8, duna nonasaHa
B padoie [2] .
Ms cooTHomeHHH (5) o^eBH^HO cjiejQreT, MTO
a . (7)
TaK KaK HHTepBara BpeMeim ^^.= i-n^-tn (R=0, 1,. ..,//-!) $HKCH-




^ -I, ecjffl jc<-l,
Vn , pn. - nepBHe KOMnoaeHTU BeKTopos ^(n.) H p ( n ) , in - nep-
BHH fluaroHajrbHHa aieweHT uaiysajp Fn. .
Oyemca V (n ) seKTopa \J(n ) onpeaejweTcs B pesyjtbTaTe o<3-
pa(5oTKH ipaeKTOpmix HSMepenjift. npejnojiaraeTCH, ITO B MOMBHTU spe-
MBHH tn. npoBo^HTCH HSMepeHHH BeKTopa Z ( n ) 6 R . .raHetoo CBH-
saHHoro c V ( n. )
Z(n) = HnVfn) + A(r7), O)
r^e Hh - HssecTHHe MaTpmm pasMepnocTH ^ X 4 , a ^(n.) - cjiyHafl-
H3H OUIHdKa HSMepeHHH.
By^ew npeflncuiaraTB, ITO BBejieHHHe BHme BejuwmrH - sen, 7^a H
A ( a ) (n=0,I ..... A/) - nocJie^oBaTejiBHocTH HeaaBHCHMUX cxiyqatoiix
C HyjieBHMH Cpej5JHMH, JHCnepCKHMH E9Cn= gn • E"7n = -5n H
KOBapaai^fl E A ( n ) A T (n )=J>n . JUw ncuiyMeffiiH ouemoi
BeKTopa COCTOHHKH V ( n ) BOcnojiBsyeMCH $mn>TpoM Ivajn^ana [3] , - on-
B CMbicjie MHHHMywa cpeflHeKBa,npaTHMecKoft oomdKH ,
= V(n) 4- Ma (H(n) - a \/, (10)
E - eflmaRHafl Maipmia.
, HTO B HaiajiBHHft MOMBHT BpeiueHH t0 seKTop V (0)
HopwajitHoe pacitpeaejieHHe sepoflTHOcTeft c inaiettain/FiecKm osz-
V(0> H KOBapHanaoHHofi MaipimeH R0 .
M3-38 Hajffl^HH Myjn>THHJB!KaTHBHHX HCIIOJIHHTeJIBHHX OHHK50K H .H6-
saHona ynpaaneHHa seKiop V ( n ) He HBjmeTCH rayccosHM.
Ilpa 3TOM MaTpima R^, Mn H ITi saBHCHT oT cjiy^afcocc
H, T6M CaMHM, H6 MOFyT (3HTt BHTOCJieHH SapaHee. ECXIH
THBHH6 HCnOJIHHTeJIBHHe OUDKJKH OTCyTCTByKJT ( ^^=0, IT. =0,1 , . . . ,A/-I\
TO ivaTpmiH Rn, Mn n rn ne saBHCHT OT peajrasamifi cjiy^afeHx se-
A ( n ) H Un K wioryr dura BiratcjieHH aapaHee jym scex saa^e-
n=o,I ..... /V .
Ha (5), (7) H (IO)jierKO BUBOAHTCH peKyppeHTHan $opM7Jia
^ (ri+i) = F^CE-Mn
KOTopaa (JjweT HcnojiB30BaHa HHSC. B cjiyiae ^n=0 (n=0,I,. .. ,A/-I)
cooTHomeHHe (12) onpeflaiHeT HopwajtbHyB MapKOBCKyto nocjie^oBaTejib-
HOCTB BeKTOpOB ^ ( R ) C HyjieBHMH MaTeMaTH^eCKIDffll OSBHaHHHMH H
MBTpmeK KOBapHEUJlfi Rn. •
IIocTaBJieHHaH B npeflnnymeM pas^ejie CToxacTHqecKan sajtaia MO-
E6T (3UTB TenepB o$opuyjinpoBaHa cjieByKmmn odpasoia. HsBecTHO, HTO
TpaeKTopHHe HSMepeHiw ocytaecTBjmHJTCH B MOMSHTH speMeHH tn ( n.=0,
I,..., A/) H rnienr Bi« (9)i pacHeTHoe ynpaaneHHe Un BirancjiHeTCH
no $opwyjie ( 8) , oitemta seKiopa COCTOHHHH V ( n ) onpejiejiHeTCH c
noMomBio $HJU>Tpa KajiMaaa (10). napaMeTpu HopuajiBHoro
A ( n. ) , $en Z T2n H3B6CTHH B KEHflHfi MOM6HT BpeM6HH tn .
BeponrHocTB tfjiyKflaHHH $aaoBofl TOIKH V ( a ) B
speMeHH T BHyrpn npe,aeJii>Hofi otinacTH
K(n)|<Ca , (a =0,1 ... . . A / ) , (13)
Cn= C ( ifn.) , a $yHKKHH C ( <? ) BBe«eHa B (3) .
CooTHomeHHH (5)-(I3) onHCHsaDT peKyppeHTHya npoueaypy, noa-
oneiocy V ( n ) H pacc^HTHsaTB ynpasareHHe £5^ .
B npOHSBOJIBHUJt MOM6HT BP6M6HH tn HMBeTCH
11
HEH HH$OpMaOHH B BHfl6 METeMaTHHeCKOrO OSHHaHHH V ( IT. ) H
Rn. Ilocjie o<3pa<5oTKH HSMepeHUH 2 (n) c noMOiqBK) cooTHomeHHH (10)
oueHKa V ( ft ) H pacHeTHoe ynpaBJieHHe tin (8). 3aT6M
mar &ta n BHHHCJUDOTCH Bejnranai V(n+I ) (7) H
R^-n. (II) KHX cjieayrauero MOMeHTa BpeMeHu tn+l .
IIocTaBJieHHyio sa^any WM KomcpeTHHx HCXOBHHX ^aHHHx MOKHO
3$$eKTHBHO peiuaiB c noMOBjbio MOflejmpOBaHEH rrpoyecca Ha 3BM, i.e.
weTO^OM MoHie-Kapjio . OflHaico sajia^a co^epracT dcxntuioe IHCJIO napa-
MeipoB ( t^, $n, gn, Dn(n.=0,I ..... A / ) , T, A/, V ( 0 ) , «„').
IIoaTOMy npoBeneHHe Hccjie^oBaHUH MeiojioM MoHTe-Kapjio nyreM wacco-
BHX pacneTOB npn paararemx SHa^emmx EXOAHIUHX napatjeTpos TpetSyeT
cSojiBnmx saipai speMeHH 3HV1 n saTpyaiweT nocTpoeHHe odnjeM Kaprinm.
UejiecoocipasHo na Ha^antHOM 3Tane paccMotpeTB dojree npocTue sapp-
aHTU, nosBojiamime Jix6o BHHCHHTB B rjiaBHOM aHajmTH»iecKHfl xapaKTep
HeKOTOpHX SaBHCHMOCTefi, JIH(5O HOCTpOHTB 3TH SOBHCHMOCTH 1HCJt6HHO,
HO tfCUiee 3KOHOMHHt^ 0(5pa30M. B CBH3H C 3THM OTM6THM B03MOSHH6 Hy-
TH ynpomeHHH saaaHH:'
I. MHTepsanH BpeMeHH Atn= tnti- tn ( n =0,1,.. . ,A/-I) paBHH
co<3oS •&t r i =At . B STOM cjiy^iae MaTpima fn Taraae (3y-
2. JlHCnepCHH ^ H Sn HCnOJIHHTeJIBHHX OMHtSOK He SaSHCHT OT
3. MaipnuH KOBapaamiK D n ( n = 0 , I , . . . , / V ) omndOK TpaeKTOpHtuc
HSMepeHEfi o^HHaKOBH jym scex n : Dn= J) .
4. B HaiajTbHuft MOMSHT BpeMemi MaieMaTinecKoe asunaHne- V ( 0 )
seKTopa V (0) paBHO Hyjno.
Haste sa^ana HccJieweTca npii STHX ynpomatanHx
3. OrpamreeHHHfl ogHOMepHHfl sapgaHT saja^H. PaccMOTpmi O^HH
Huft cjiy^aJi saoiaMH, npeflCTaBJwmmift H caMocTOHTejn>HHa HHTepec. JJan-
BapiiaHT saaaiH BOSHmcaeT npH cneu0ajn>HOM Bime TpaeKTOpHHx HS-
(9), Kor.ua waipaua Hn HBJineTCH
R = (i, 0 .0 ,0) ,
B 3TOM cjiyqae H3r.iepeHHH saBHCHT .ram OT nepBoit KOMnoneHTH $a3dso-
ro BeKTopa V ( a ) . Hcncun>3yH BHH MBTPHU H^ H fn (4) , Jienco no-
MTO B cooTHomeHHHX (5), (7), (10) -(12) OTmemiHJOTCH ypaBHe-
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rasa jyw nepBHx KOMnoneHT H nepanx 3JieweHTOB cooTBeTCTByrasHX BSK-
TOpoB H METpsm. PacHeTHoe sHaieHne ynpaaneHza u,, (8) H
odJiacTeft ynpaBjmeMOCTH (3) Tarate sasHCHT jnmib OT Vt (rz ).
odpaaoM, npn TpaeKTopmcc HSMepeHHax xaKoro cneunajiiHoro snaa MQH-
HO orpaHH^HTBCH HsjnieHHeM nosefleHHH TOJTBKO nepsofl KorymoHeHTH BCK-
Topa V ( n ) .
CJIOBO "orpamneHKHfi" B HaaBaHHH jaHHoro pas^e^a yicasHBaeT
sa Hara^He, Kaic H B HcxoaHoft saj^ie, orpamraeHEH Ha BejnraaHy pac-
leTHoro yupaaJieHHH ( |Un |4l , n=0,I,.. .,A/-I).
B aara>He2meM <5ynyr Hcnojo>3OBaTi>
<3yKBH c KmmsM BpeMeHHUM HHfleKCOM Kim odosHaieHHH nepanx
H3JILHHX 3JieM6HTOB JiSTpmt H nepBHX KOMHOHeHT BBKTOpOB, BBefl6HHHX B
npeflnnymeivi pas^ejie. CooraoineHHH (5)-(I2) wm orparoneHHoro
MepHoro sapiiaHTa sa^aHii dyayr mweTB c
r^e Un H $yHKmw f (x) onpe^ejunwcH (6) H (8). H3 cooraonieHHH
(9)
Zn = Vrt + An - (15)
TaK se KaK n B odmefi saflaie TpedyeTca onpeaejniTB BeponrHOCTb <3jiy-
jwaHHH cyiyiaaHoft B&JUI^JIHU Vn BHyrpn odnaciH (13) B Teiemie speMe-
HH T. JJaHHaa BepOHTHOCTB saBHCHT OT 3Ha^eHHfi ceMH napaneTpoB: .T,
ed , f0 > r0 . § . £ H da , r^e eL - cpeflHeKBaBpaTmecKoe OT. -
iyiaflHHx omadOK TpaeKTopmix H3MepeHH8 ( 6f =d).
odieua EHHucjienaH npn HHCJieHHOM anamse flanHoro
aHTa aaflaHH HccjieflOBajiHCB sasHcmiocTH HCKOM02 BepoaTHocTH TOJIBKO
or At, a , £ z do. npa nocioflHHHx SHa^eHHHX ocTajamx napaMeT-
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pos. KpOMe 3Toro, paccMaTpHBajicfl TOJIBKO ycTaHOHHHimficH pesnw npo-
uecca (14), HTO nosBcwiiuio HCKOTHHTB HS aHannsa SEBHCHMOCTB peine-
HHH OT najmeTpa F0 .
HoHCHHM noHHTze ycTaHOBHBiuerocH pesmia. Ecjra nponecc (14)
npomeji n. maros, rae n ^ocTaToiHo Baranco, TO BjmHHze HaiajiBHoro
pacnpeaejieHHH BainraiHH V° Ha pacnpea&neHHe V^ <5yseT HecyqecT-
BeHHO. B wiyiae g =0 (HBT Myjo>TnnjiHKaTHBHHX ncncuiHHTejn>HHX oam-
(3oK) npn onpeflejieHHHx sHaieHnsx HHTepsajia BpeMena At=TT/^)A/0, r^e
M> - npoH3BOJn>Hoe ijejioe ncuiQKHTeja>Hoe HHCWIO, 310 npHBOflHT K TO-
uy, 'ITO BararaKHH pn, rn H mn nepea paBHoe KomnecTBo maros At
c5yjQrr npHHHMaTb Te se 3HaqeHHH, T.e. tfynyr nepHOHH^ecKHMz cjayHxyH-
HMH napaivieTpa n. o nepno^oM A/0 . HaHHan cHTyaiow H (5yneT Hasu-
B3TBCH yCTaHOBHBIIIHMCfl peXHMOM. KaK nOKasaJIH BIWHCXIieHHH, npH JBXJOM
ajioM HaiajcbHOM sHaieHHH Po yse iepes necKcuiBKO nepn-
A/0 npouecc (14) npaKTiraecKH BHXCWHT na ycTaHOBHBfflEftcH pe-
2CMM.
B flanBHeftaeM (Jyjeiw cHirraTL, HTO yse B Ha^ajTbEHfl MOMSHT spe-
npouecc (14) HaxoflHTCfl B ycTaHOBHBiiieMca pesmMe, T.e. HHTep-
speMeHH Men^y nepemnHeHmiMH ynpaBJieHza npuHMMamr 3HaieHHa
A't = TT/^A/o , To pasHO cooTBeTCTByrajeMy ycTaHOBHBm
rj,* (BHHHCJieHHe BeJiHHHHH n,* flaHo B npiuioseHmi K jaHHOMy
JIaHHoe npeancwoHceHHe <5yaeT HcncwitsoBaTBCH H npn aHajmse
coBepsameH MyjrbTmuiHKaTHBHHe Hcnaranrejn>HHe onm6KH
B 3TOM (xnyiae BHHHCJMeTCH no T6M se $opi^yjiaM (18), ITO H npH g=0.
TaKHM o<3pa30M, B ycTaHOBHBmeMCH pesmie KOJiH^ecTBO napaMeT-
POB orpaniraeHHoro o^HOMepHoro BapnaHTa saaiaiH coKpamaeicfl ^o raec-
TH ( r0* ojoHosnavHo oirpeflejiHeTCH BHaMeHHHMH napaMeTpoB &t , <j& ,
$ , H'o ) . B cjiynae g =0 -Bejuraaaj pn, rn H irtn woryr c5uTi> BU-
HHCJieHH sapaiiee.
Hpesme new nepeiiTK K odcyxjieHm) pesyjUTaTOB BiraHCJieHHfl B
paMKax 3Toro BapnaiiTa sana^H, paccMOTpnM enje ojtHy BcnoMoraTeJH>-
Hyio sajia^y, pesyjiBTaTu KOTOpofl MascopapyDT CBepxy pesyjiBiaTii orpa-
mpieHHoro QflHOMepHoro DapwaHTa.
AIM CHCTGMU Ccwnme-SeMiM orpararaeHHHfl oflHOMepHnfl
aHT sajiaiH HjMeeT dojiee npocToH BHfl. B STOM cjiyiae BejuratHH pn He
SaBHCHT OT BpeMGHH H paBHbl MeHJiy COdOll: pn= p =- HJk( i -I).
speMeHH r.iexmy nepeionmeHKHMH ynpaBJieHHH Moser
npOH3BOJIiHHe 3HaM6HHn. ycTaHOEHBUIHeCH SHEHeHKH flHCnepCHH I',*
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ae OOTHaxpBH KRX scex. in
. SnaiemiH
cjtyiae
PK* ( K=0,I, . . . , V0-I) B ycTano-
pesiaie onpe«ejiH!OTCfl Era ycjioBHH nemoKinsocTZ
( n =0,1, . .' . , A/ ) c nepHOflOM A/0 . TSKHM cxipasoM,
KHK peraeHHe CHCTewa HS N0 ajiretfpazHecKHX





3TE CHCTeME ypaBHeHHfi npH <, ^0 HM66T eflHHCTB6HHOe
( rK*»0, K=0,I,...t A/o-I)
(18)
Y^j> ( K = O , I /VO-D,
BeKTop %( K )=C tfj( K ), 4( K ), tfj( K ), &,( K )) BiraicyweTCH no
(K=0,I
0K 0 £K 0
0 aK o £*
1 0 <^ O
0 .i 0 of
Ilpn $ =0 CHCTeMa ypaBHeHnfi (17) HMeeT eiue O«HO pemeraie: |
(K=0,I , . . . , A/o-I). QHHEKO 3TO pemeHHe HeycTofeHBO B TOM
HTO npn npoH3BOjn>HOM He pasHOM Hyjro Ha^ajEbHOM 3HaHeKHH r\, B yc-
TaHOBHBmeMCfl pemmae jHcnepcHH Pn cxoaarcH K sHaneHHHM (IP), a ne
K pemeHHD rj* =0.
=0
4. HeorpaHHqeHHHfi ojHOMepHHfl sapiiaHT sajaqii. PaccwoTpHM
HHfi BapnaHT cToxaciinecKoft 3aaaHH,s KoropOM oTcyrcTByHxr
EflEKaTHBEHe HcnojiHHTejrbHHe onmdKB H pacqeTHoe ynpasjieHEe
I,..., A/-I) MOB6T npHHHMaTB npOH3BOJTBHUe HGOrpaHH^eHHUe
KEK H pajtbme, (SyjjeM TpeOosaTB, HTOOU ynpaBflerae L(n
fo BaxmHHy |Vn+i|. KB cooTHomeHHH (14) cjie^yeT, iro npn crcyrcT-
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BHH orpaHiweHEfi HE ynpaBJiemie un HuweTCH jrmieftHofi
OU6HKH
U n = s - - f c V n - _
DpH 3TOM MaTeMaiireecKoe oxnnamie V^ (5yaeT pasno Hy.ro npa JKXJOM
n. , a BejiHHHHa Vn. <5yneT coBnaaaTB c ^a H onpesejiHTBCH cooTHome-
HH6M
'Vri*i = 'ot l lVn+fin, (a =0,1 ..... //-I), (20)
I'fle °<-fi= pT7~T> ^n - nocjiesoBaTejiBHocTB HeaaBHCHMHX rayccosnx
C.nyHaflHHXnBeJUTDIH.C HyjieBHMH CpeflHHMH H ^HCnepCHflMH (Jn^
TEKHM ocSpasoM, aaflana CBO«HTCH K HccjieaosaKHBa MapKOBCKoft
nocjieflOBaTejn>HocTH (20). B Haiara>HHfi MOMBHT BpeMenn se-
V0 Hweei nopivajiBHtifi aaKOH pacnpeKejieHHH BepOHTHOcieii c
MBTeMaTmecKHM osiwaHHeM H OTcnepcnefl n, . JlHHefeocTi, co-
OTHOEJBHZH (20) coxpaHflei rayccoBHMH z nepeMeHHue Va (n.=I,2,. . . ,
A/ ) . ilpn 3TOM MaTeMaTOTecKoe osiwaime BararaHHu Vn paBHO Hyjno, a
ynpomeHHH flajn>Hefininx Bicuraj[OK BBe^em HOBjno
COCTOHHHH 1^ = V^/C^ , Tfle Ca ( fl =0,1 , . . . , V ) OIIpeflejIHBTCH B
(13). CooTHomeHHe (20) OTHocirrejQ.HO 3108 nepeMenHofi npuHHinaeT
• + < ? (1=0,1 . . . . . V-I), (22)
, & n ' ~
HJCC cjsyHaSHHX Bararaim c HyjiesHM MiaTeMaTsnecKHM oaiwaHKeM H cpea-
B DTOM pasaejie npesejn>Hufi sapnaHT
MOKHO oJopiviyjiHpOBaTB one^yKDpiM ptfpasoM: Haflm sepOHTHocTB
HHH HopwajiBHofi wapKOBCKOfl (xnyHaflHofl nocyiejioBaTejn>HocTH (22) B Te-
i6HHe saBanHoro speMeHH T=/Vat ueaxy norjomaKHqaMH
0<5o3HaiHM saHHyio BeponrHocTB ^epes Pv . ycnemHUMH
npoaecca (22) dyayr jncnB ?e, KOTOpue sa V marcs HH paay He BHfl-
XSTT us HHTepsaaa (-1,1). BseaeM odoaHaHeHze JUIH ycaoBHofl Beponr-
HOCTM Wn(x) ( n =0,1 ..... V ) ycnemHoro 6jyxf.asaK no^nocJieflOBa-
TanBHocTH \K (K = n ..... N ) BHyrpn odnacra (-1,1) npn ycxnoBHH,
HTO B MOM6HT BpeMBHH in 3T8 nO^nOCJieBOBaTailBHOCTB HaXOflJUiaCB B
' TQEmecTBeHHo paBHH HyjiD, nosTOMy B flatmbHeflmeM
HHe OrpaHHHZM HHTepBaJIOM (-1,1;. ECUDI BepOHTHOCTH W
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H6HH, TO BepOflTHOCTB Pw BITCHCJIHeTCH HO $OpMyjI6
i
1 '* -^
s 6 iro - njioTHocTB pacnpeflejieHHH sepoHTHocTeit
, r/= rs/c.f .
BHCHMOCTB \a H cJiyiaHHHx Bejnrnoii £« (K=0,
I,...,A/-I) ( - MOHHO ncuiyHHTB peKyppeHTHym
(24)
W /v(cc)=I na HHTepsajie (-1,1). AJM ^yincmra W^-iC^) us (24)
oirpefl&iaiTi, sBHoe
OTM6THM H6KOTOPH6 CBOflCTBa $yHKHHfi W a (X) , KOTOpHB
HO' HIWyKUHH US CBOHCTB W V (X) H W/v-i(^) C HOMOl^BIO
cooTHoraeHHH (24).
1. $yHKmiH W^X) 16THH6.
2. Wn (X ) MOHOTOHHO ydHBaiOT npH X > 0 H HM6IOT MOKCHMyM B
Townee x =0.
3. IIpu O!K =0 (K =0,1,..., A/ -I), HTO cooTsecTByeT adcoirorHo
TO'ffiHM TpaeKTOpHHM H3MepeHHHM, ^yHtOOIH W^CO:) HOCTOHHHH
H paBHH
M-4
Wri(x)=Tre^(^cX(ri=0iI ..... ^.jj^ (26)
K«=n
4. ECJIH napaMeipH 6^ ( K = 0 , I , . . . f V-I) CSJIHSKH K Hyjro, TO
HOpMaJIiHOH I1JIOTHOCTB paCITpeflejieHHH BepOHTHOCTefi, BXOftflmaH
B noj^HHTerpajiBHoe BHpasceHHe (24), (JJIHSKE K aejn>Ta-$ymcrpni




CooraomeHHe (26) aaeT xopomee npH<3jraseHHe
npH <3oja>ianx BejmHHHax At . napaweTpu oC^ yHOBJieTBOpHmr HepaseHCT-
saw 0 6 cH."^  < e-XAt H npH bojibiimx At wajiH. Jlesaa nacTB BTHX He-
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paseHCTB CJie^yeT us onpesejieHiiH cLK . ycTaHOBHBUUiecH sHa^emiH PK*
(18) npH £ =0 HweiOT npocToS BHK t"K* =( *>*• -I)d , (K =0,1, .. . , A4-I).
.HcxJaBJzeHne B npasHe IECTH ypaBHeHHii (17) HJienoB ^pf yBejoraiBaeT
P,f . TaicHM ofipasoM, HMeeT MBCTO HepasencTBO
PK* >(iz-i)d, ( K = 0 , I , . . . , A / 0 - I ) , (28)
M3 KOToporo n'cJie,iQreT cnpase^yuiBocTB HepaBencTBa. jym ot^.




dn = /fdh°e-2?« ,
CHCTeMH CoJIH^e-3e^OTH nojiyqeHHHe B
npHHHMaBT dojiee irpocTofi BUS, TOK KOK BejnnHHH C,,,
cjiynae oflimaKOBH win. Bcex n=0,I ..... A/ :
3TOM HHTepsaji BpeweHH At Me
HHHMH ynpaBJieHHH MOH6T (JHTB npOHSBOJIBHHM. COOTHOflieHHe (20)
CojiHite-SeMJiH B ycTaHOBHBUieMCH pesHMe onpejj;ejifleT
ii rayccoBHfi MapKOBCKirii npouecc.,
5. HHcjieHHHe pesyjiLTam jyin ojHOMepHoro BapnaHTa sajaMH. B HacT.o-
fljuew pas^ejie irpHBeseHij TOCJieHHue pesyjitiaTH JJIH o^HOMepHoro Bapa-
aHTa sasa^ffl, nosBOJUDomne ouenHTB sepOHTHOcTB P^ yaepHaiDH KA B
OKpeCTHOCTH KOJLHHHeapHOft T01KH JIH(5pai]JDI B TG^eHHe SOflaHHOrO Bpe-
M6HH T. BepOflTHOCTB Pv , KaK OTMeHSJIOCB BHffle, flJM
IIpo^ecca sasHCHT OT mecTH napar/ieTpOB ( N0 vam. &t, T, , £,
Wo ), rje ciA = /T7. ycTaHOBHBmeecfl SHaqenne sHcnepcHH
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KA P0* ojHosHaHHO onpeflejiHeTCH napaMeTpaMH at , g , <4a ,
y>9 . ECJIH oflHmi HS npHTflrHBanmix rieHTpos HBJiHeTCH Cojnme, TO na-
paMeip f0 oTcyrcTByex, a Bejomna P0* onpe^ejmeTCH HS cooTHome-
HHH (16).
Ha PHC. I-I4 Ha IUIOCKOCTH napaweTpoB saaaiJi 6a,£ npHBejie-
HH JIEHHH paBHHX SHEHeHHfi BepOHTHOCTH Pv ^^ KOJIJIHHeapHHX TCHeK
ffiK5panjm Li CHCTeim Ccxn^e-SeMM H La CHCTewu 3etAJiH-iyHa, r^e
<^a K ^ - cpe^HeKBaapaTiraecKHs OTioioHeHHH ftoa onyiaHHux oiw6oK
TpaeKTopHHX HSMepemifi H ajwHTHBHiix HcnojQfflTejibHHx onradoK. HanoM-
HHM, MTO BejnrenHH da H 3' (SespasMepHHe. ITpii STOM KSMepneMaH BC-
c $asoBiiM BeKTOpOM •^ ' r( t )=(x )y ,x.,y ) COOT-
- nepsaa CTpona MaTpmgi Q (CM. [l] ), a
ncnoJffieHHH ^n MOHHO npeflCTaBirrt KEK ^ n=2^, rae S/? -
peajBisauMH Tpe<3yeMoK BejnraMH mromaOT S comeHHoro napy-
ca, a A 5 =,5max-,5min - flonycTHMufl flHanasoH HSMeHemtH pacieTHoa
ccymeHHoro napyca KA.
SOjniHiM Ha PHC. I orpamraHBaeT ocJjracTB sna^eHnii na-
s , odecneMEBaiomix yjtepsaiffie KA B OKpecraocTH
TOHICH JUKSpamni B Te^emie BpeMeHH T c BepoHTHocTBE, He
Pv. Bee rpafeKH, KpoMe irpeflcraBJieHHiDC Ha pnc.6, nocTpoenu
HHTepsaJia BpeMeHH T, pasnoro KByw roaaM.
Pac^eTH npoBOflmiHCB KaK aim HeorpararaeHHoro o^HOMepHoro sa-
TaK H AM o^HOMepnoro BapnaHTa saaaia c orpaainie-
HH6M Ha ynpaBJieHHe \ U n \ ^ ~ I ( n =0, 1 , . . . , A/ -I) . B HeorpamraeHHOM
CJtyiae BepoHTHOcTB Pv BHHHCjianaci, c noMomBn cooTHomeHHH (23) , a
BepoHTHocTt W0 ( x ) Haxo^miacB noane N -KpaTHoro BITIHC-
KsaflpaTypu $opMyjm (24). B orpaHiMeifflOM o^HOMepnoM
3afl£lHH jyiH naiyHeHHH BepOHTHOCTH P,y ECnOJIbSOBaJICH
CcjiHue-Sef/MH. TOHKB li . Ha pnc. 1-5 npHBe^eHH HSOJIHHHH
Pv , cooTBeTCTByBntHe SHaneHHHM 0.999, 0.95, 0.9, 0.85
H 0.8, jyiH HeorpanineHHoro BapnaHTa sa^aiH. SHaneHHH BepOHTHOCTH
Pv yKasaHH na pnc. I. Ha ocTan±,HHX pncymcax HSOHUHHH pacnoaoseHH
B TOM se nopflSKe. rpa$HKH nocTpoeHH &HH HHTepBajioB BpeMeHH &t ,
paBHioc 10, 20, 30, 40 H 60 cyrKaw. OojiacTH napaMBTpoB 6&, £
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na pncyHKax HSOJIHHIIOTIH BepoffmocTH P^, ,
yweHBiuaioTCH c yBejurceHiieM HHTepsajia At . Ha pnc. 6
HSOJIHHHH BepoffTHocTi; Pv =0.9 irpn pasjunmux ;yfflTeja>Hp-
CTHX HHTepsajia BpewseHH T ysepsaHHH KA B OKPSCTHOCTH TOHKH jrntfpa-
UHH (2, 4, 6 H 8 JieT). Kan cjiejsyei H3 aioro pHcymca, otaacTi, sna-
napaweTpoB 6* , s , ysoBJieTBopOTSiwx ycxovm Pv> 0.9, ywe-
c yB&raraeHHeM T oTHOCHTeju>Ho MejyieHHO.
HSOJEQIHH jyin orpauiraeHHoro ojHOMepHoro sapnaHTa
Ha pac. 7 H 8 (HHTepsaji A* paseH 30 H 60 cyncaM,
COOTBCTCTBeHHO) . ClIJIOIIIHblMH JIHHHHMH IIOCTpOeHH rpaijHKH P^ =0.9 flJIH
HeKBaflpaTH^ecKoro OTimoHeHHa iviyjitTHiuiiiKaTiiBHHX ,HC-
onmdoK g =0, O.I, 0.15 (PHC. 7) H g =0, 0.03, 0.05
(pac. 8). HyHKTHpHoii jmHHeH Ha PHC. 7 HSCXSpaaeHa aHajiorinmaH HSO-
BepoHTHocTH Pv =0.9 jym HeorpaHHqeHHoro BapiiaHTa
At =60 cyr. aaHHan IISCWIHHHH npaKTH^ecKH coBnajiaeT c
orpaHHHeHHoro oflHOMepnoro BapnaHTa saaa^H rrpH g =0. KpecraKaMH Ha
PHC. 7 H 8 oTMe^eHH TOHKH HSOJIEHHH P^ =0.9 HeorpaHiraeHHoro sapn-
aHTa saotaiH, nacyHeHHae c Hcnojn,30BaHHeM npntfJiHseHHOM $opMyjiH
(29) flJM BU'IHCJieHHH BepOHTHOCTH W0 ( X ) .
BeMmi-JIyHa. Tonna i^z. . AHanonrfflHe HSOJIHHHH KKH saflana
KA BIJJIHSH KGjwHHeapHOH TOIKH jmcSpanjni La CHCTeMH 3eM-
npuBejieHH Ha puc. 9-14. .HHH HeorpamraeHHoro sapnaHTa sa-
rpa$HKH nocTpoeHH jym Tex «e sHa^eHHH P^ (0.999, 0.95, 0.9,
0.85, 0.8), jyw,HHTepsajioB nepeKMnewn ynpaBJiemw At, paBHHX
npHMepHO 2.1, 3.7 H 4.9 cyr. (pac. 9-II). HanoMHHM, HTO jyifi yc-
TaHOBHsmerocH npouecca HHTepsaji speMeHH At=TT/^Vo , r^e V0
npoii3BOjn>Hue ue.iHe nojicuKHTeJQ>HHe SHaieHHH
At, paBHUM 2.1, 3.7 n 4.9 cyr., cooTBeTCTByioT
napaweipa A/0 =7, 4 H 3.
Pw =0.9 B orpamr-ieHHOM sapnaHTe sa^a
cpeflHeKBajtpaTiwecKoro oTKJioHeHHH g \yjiBTHiinHKaTHB-
Hitt HCndJIHHTejQ.HHX OIIQK50K 0, O.I, 0.2 ( At =2.1 CyT. , PHC. 120,
0, 0.05, O.I (At =3.7 cyr., pHC.13) H 0, 0.03, 0.05 (&t=4.9 cyr.,
PHC. 14). DyHKTHpHOH jiHHHefi HsocipaseHa HSCUIHHHH P^ =0.9 HeorpaHH-
leHHoro oflHOMepHoro sapaaHTa sa^ana, a KpecTmcaMH - nocipoeHHaa
c Hcnojn>30BaHHeM npHCSJraaeHHoa $ppMyjm (29). Ha pac. 13 H 14 nyinc-
THPHH6 JfflHHH OTCyTCTByBT, T3K K8K OHH UpaKTH^eCKH COBnaflaaT C
H30JIHHHHMH orpaHHHeHHoro OflHOMepaoro BapHHHTa sa^aiH npn =0.
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6. Hcnojn»3QBaHne ojpiOMepHHX BapnaHTOB jyia ouenoK B HCXOJHOM ieTH-
H saja^e. B npefliwymnx paa^ejiax flocTaTcrao nospodHo dun
cymecTseHHo dcuiee npocToii sapiiaHT 3aza<w, M
npouecc, Kor,na TpaeKTopHHe HswepeHna wiem BHJI (15). ECJIH se
pinja Hn. (9) HMeeT npOHSBOjrbHHM BUB, TO cjiefflreT pacciviaTpHBaTB ie-
THpexMepHirii BapnaHT safla^H. OflHaKO npa neKOTOptix orpamneHHHX Ha
napaivieTpn saaanii MOHHO noflodpaiB TaKoe 9$|eKTHBHoe sHaneiQie
uepciai oum<5oK TpaeKTOpHHx HSMepeHHM oflHOMepnoro sapnaHTa
HTO HacuDiHiDi BepOHTHOCTii Pw , cooTBeTCTByBume aTor^y sapHaHTy sa-
, <3y^eT necyiecTBeHHo oTJiiraaTBca OT aHajiorHHHHx HsojruHHJi HC-
cHTyamw, B ^acTHocTH, HMeex MSCTO npH
HHTepBajiax speMeHH at Meawy nepeyjimeiuwm
, B STOW cjiy^ae nepBffli KiaaroHaxbfn& ajieweHT
pimu nepexofla Pn cynjecTBeHHo npeBOcxo^HT ocTajrbHHe sjieMeHTU. To
ae caMoe cnpaBe^jDmo, soo(5me roBOpn, H ana nepBOH KOMnoneHTH B6K-
Topa p (a ). Oiciona MQHHO npe^ncuiojifflTi), wo K MaTpima Rn (II)
iipn jocTaTo^Ho danbiiioM n dy^eT Tanae HMCTB nepsufl ajieMeHT, cy-
npeBocxoflfflnrai ociajiBHue ajieweHTH.
aaHHoe npe^noJiOHeHne cirpaBejyiKBO H MaTpnya KOBapnaiuiii
Rn HM66T BHH
Rtl = rnE1 + Q n f£) , (30)
y MaipmtH E ^  nepsuii fluaroHajn>Hnfi ajieMeHT paseH e^jnume , . a oc-
Hyjm; MaTpima Q n (£ ) coflepxirr ajieMeHTH nopaflKa 6 , rae
£ CyiaeCTB6HHO MeHBUJe $* = g2Aatrl . no^CTaBJIHa (30) B COOTHOilieHHH
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npHBefleHHue paccy^eHHH, MOJKHO noicasaTB, ITO MaTpjma d
H Rn+i Tame HMeiOT BHH (30). Qpa OTOM BeJiswiom rn BHHHCJIHIOTCH
no $opMyjie (14) oflHOwepHoro BapaaHTa saua^n, B KOTopoii B Ka^ecTse
aMcnepciffi onnrdoK TpaeKTOpnux usiiieperarii da depeiCH BejimiiHa (33).
B leTHpexinepHOM sapnaHTe sasaiH ypasHeHKH jym nepsiix Kotmo-
H6HT E6KTOpOB V ( (I ) H V ( fl ) COBUaflaBT C COOTBeTCTByKlUHMH COOT-
OflHOMepHoro BapuaHTa saflaiH. OoKaKeM, HTO H nepsoe co-
(10) MQHEO npH<3jmsteHHo sar/ieniiTB cooTBeTCTBynmiiM
oanoMepHoro BapuaHTa saaa^H. jleficTBHTejiBHo, Hcnojn>-
syH (10), (3I)-(33); nepsyiD KOwnoneHTy BeKTopa \ j (n ) MOSHO npe«-
CTaBHTB B BKH6
Vft = Vn + m r , (^ t l +A^) + >ft, (34)
, a - cj^rqaflHaH Bejnraima,
OT Biopoa, TpeTBeK H ^eTBepToK KOMnonenT seKiopa ^(n).
STOT BGKTop mweeT HOpMaJibHoe anociepHopHoe pacnpeflejieHHe sepoaT-
HocTea c HyjieBUM cpeflHHM H KOBapnaujioHHofl f/iaTprnjeii Rn . TaK KaK
no npeancwioaeHHio MaTpima Rn wee? BUH (30), TO cooTHomefflie (34)
K aHajiorH^Hoe cooTHOmeHHe (14) oflHOMepnoro sapiiaHTa safla^m OTJIH-
HE cjiyHaSHyso BejnraiiHy ^n , HweioinyK) HopwairbHyK) anocTepHpp-
anoTHocTB pacnpe^ejieHiiH BepoaTHocTeS c HyjresuM cpe^Hiai H aiic-
nepcne2 nopsaKa g .
npoBeseHHiie BiWKCjieHiiH noffTBepJUMH Haum npeflnojiojKeHHH OTHO-
CHTeJH.HO MaTpmjH KOBapnaipifl Ra . TaK irpn KHTepsajiax speMerai A t ,
pasHux 60 cyrKaM jyin TO^SSH jiHCSpausoi Li cyicTeim Cojmue-SewuiH H
4.9 cyTKaw WIH TOMKH JnidpaiiHH La. CHCTer.in Sewjin-JIyHa, nepBHfi flua-
roHajiLHHH ojieMeHT leTpmiy Ra rrpeBocxo^HT ocTaji&HHe 3JieueHTH 60-
jiee Men B 20-50 pas. Ha p.nc. 15 H 16 a^in romBCTpamra
230JIHHHH BepOHTHOCTH P/y =0.9 H Pv =0.95, BHHECJieHHHe flJIH
MepHoro (cnjiouiHue JIHHHH) H orpamrceKHoro ojiHOMepHoro
JIHHHH) sapnaHTOB aajtaHH yaepsamH KA B oKpecraocra TOMKH
LI CHCTeMU Cojimie-SeMJifl (pnc. 15, A. t =60 cyT.) H TO^JKH jnic5pai5iH
La CHCT6MH SeMafl-JIyna (pnc. 16, At =4.9 cyr.). B qeTiipexMepnoM
BapnaHT6 saaaiH npe,nnojiarajDtc& HSwepemM KOMnoneHTu i jasosoro
BeKiopa i (CM. (2) ) , ITO npaKTinecKH cooTBeTCTByeT K3MepeHHjroi
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pa£HajiBHoii CKOPOCTH KA OTHOCHTeJiBHO Seiium. JfrcnepCHfi
THBHHX oiiradoK HcnojiHeHHH g B odoHX BapuoHTax saflaw cSuaa
HyjDO. SnaieHne jpiciiepcmi d omndoK TpaeKTopHux HSMepenM B
oaHOMepnoro sapnaHTa sajjaHH BHHHCJIHJIOCB no ijopwyjie (33).
KaK BlfflHO U3 3THX pHCyHKOB, H30JIHHKH BepOHTHOCTH Pv JflH 0<5O-
EX BapnaHTOB saaiaHH oTjnnaiOTCH HecymecTBeHHo. C yweHBiueHiieM HH-
Tepsajia BpeMenn At STO pasjiiTJi-ie BOspacraeT, XOTS npn At =30 cyr,
(PHC. 17) jyw TOIKH jmdpaujci Lt CHCTewu Ccwnme-Sewna ,H
At =3.7 cyT. (pnc. 18) jyifi TOIKH JDidpaiiiDi L^. cHCTewti
3TO pasjuraie eme HeBejiinco.
odpaaoM, npii jiocTaTO'mo cSojiBimcc HHTepBajiax
oueHKii HeodxoaM'MX pasMepoB cojme^Horo napyca KA
B cxjiyqae ^eTupexf.iepnoro EapnaHTa sajia^H MoryT CIUTL npKdJiiKteHHO
us pesyjitTaTOB oaHOMepnoro sapnaHTa. Taraie ou;eHKH ^JIH
cocTaBOB TpaeKTOpnux HSMepenirii dy^yr npHBeflenu B CJie-
7. 0 pasuepax "cojiKeHHoro napyca" KA. B STOM
pux BapnaHTOB TpaeKTopHux HSHepeHHK npKBeaeHH HHCJieHHHe
paswepOB "cojiHeHJioi'o napyca" KA (B&rarenHU A^ = /Smax- £>mm , r^e
/?ma> • $min ~ MaKCHI»iaJII>HaH H MHHKMaJIBHafl ^OnyCTHMaH lUIOIUajfB "CO-
napyca"), npn KOTOPHX BOSMOKHO yaepsaTB KA B oicpecTHOCTH
TOHKH Jit;dpaipoi B Teiemie flsyx JieT c saaaHHOH sepOHT-
HOCTBio. JiJia ncuiyMeHiia &£ s nepBOM irpisdjwzeHKJs HcnojiBsyeTCH OIIH-
caHHaa B npe^nnyiiieM pas^ejie 3BpiicTjnecKaa npoijeAypa, no3BOJLHBmaq
cooTBeTCTBKe uexpy iicxojiHoM HeTHpexf.repHoii sa^aieii H ee
BapnaHTOM. Bo tfflor-HX cjiy^anx, Kan cjieflyeT us paccMOT-
peHiiux sajiee irpMepOE, Be-iirama A /S, nany^eHHaH Ha ocHose peuieraiH
sapiiaHia sa^a^ii, OKasHBaeTCH djuisica K ee SHaneHino,
jym MeTHpexi^epnoro BapnaHTa sajia^H.
B HacTOHDjeM pas^ane dysyr paccisBipHBaTBCH HSMepeHiin JUEI& o^-
Horo napauieTpa (t =1, (9)) . B OTOM cjQnae cooTHOiuemie (33), ycTa-
CBHSJ. Ksamy 4HcnepcKHMn D = d* H d = <^/ oannSoK Tpa-
E3MepeHH2 sicxoaiioM aaaa^H K ee o^HOMepnoro BapHaHTa,
donee npocxofl BUS
6* - <J« /h- , (35)
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rfle K - nepBuii sjiewieHT MaTpmm-CTpOKH H (9).
PaccMOTpuM Herape BapnaHTa HCXO.HHOH saflain,
B laCTHOCTH, COCiaBOM TpaeKTOpHHX H3MepeHH0.
I. B nepBOM sapnaHTe npeananaraBTCH HSMepeHHH HaiuoHHofi
TH OT 36MJIH JJO KA. HesaBHCHMO OT TOHKH JIHdpaUHH H CHCT6MH ITpHTH-
THBamWX. T6JI 3TH HSMepeHHS ItpaKTHHeCKH 3KBMBajieHTHU HSMgpeHHHM
KoiOTOHeHTii x (jasoBoro seKTopa f , csasaHHoro c BeKTopoM COCTOH-
HHH V cooTHomeHneM (2). BejtKWHHa h. B STOM cxnynae
(36)
2. Bo BTOpoM BapnaHTe pacci'jiaTpimaiOTCH HswepeRHH paaaairbHovi CKO-
POCTH KA OTHOCHTeJEbHO HaseMHOPO IiyHKTa, 1TO npaKTHHeCKH 3KBHBa-
HSMepeHHHM KOMHOHeHTH ± $a30BOrO B6KTOpa f . B 3TOM CJQT-
, _^x _
° ~ to'+ X" ' (37)
3. B TpeTBeM sapiiaHTe paccMaTpHBaeTCH sa^aMa y^epKaHHH KA B OK-
peCTHOCTH TOMKH JEH<SpamiH h± CHCT6MH COJIHUe-SeWJIfl. IIpH 3TOM 3Ha-
jrasapyeTCH BOSMOJSHOCTB ncnojEbsoBamiH OBTOHOMHUX H3MepeHKK yrjia 9±
uiexpy HanpaMeHHm/m c KA Ha Sewuro H Jlyny. ^m ynpomeHEH
npe^nojiaraeTCH, HTO aanHHe usMepeanH ocymecTBjiHioTCH jmntb B
TH BpeMeHH, KOPfla jiyHH SeMUH-JIyHa H SeioiH-Cojimje opToroHajn>HH.
h0 B jufflefiHOM npnOjiHKeHUH onpeaa/meTCH cjie^yrameii $opMyjioft
R < r . _ ( s i R t \
°-
R|_ H Rfl - paCCTOHHHH OT 3eMKH flO TOMKH jmdpaiQIH L! H
COOTBeTCTB6HHO .
B HeTBepTOM sapnaHTe paccMaipHBaeTCH sa^aia flJM TOIKH
L4 cHcieiviu SewuiH-JIyHa c aBTOHOMHHMH nsMepeHHHMH yrjia
py HanpaBnemiHMH Ha Cojnme H Jlyny, ocymecTBOTeMHMH B npoH3scun>HHe
MOM6HTH speMeHH. B jTHHeifflOM npHtfjmseHHH BejDZPDiHa ho
Ril - paccTOHHHe OT ^ eHTpa JlyHH ao TO^KH jni(5pamra
Bemrnraa u* (CM. [I] ) nponopnaoHajibHa
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napyca (HJIH iwomaflu nonepeiHoro ceiemiH c$epHMecKOH
KA, oproroHajuHoro CBeTOBOwy noTOKy
U* = ko*£> (40)
rfle ko=0.5 c^p/m, Cx - K03$$nmieHT, xapaKTepHsymmm BsamjoaeHCT
BHe $OTOHOB c noBepxHocTM) "cojiHe'iHCTO napyca" ; p - HMnyjQ>c cpe-
TOBoro EoTOKa, npoxojyjmero sa e^HHimy BpeMenn nepes eflffiureHyto
iwomaflKy, oprcTOHanBHyio cojmeHHKM JijRaiw; m - inacca KA. Hirace (5y-
nyr UPKHHTH CJieflyramie HHCJioBue SHaneHHH BejnranH Cx , P H rn :
Cx =i, HTO cooTBeTCTByei cjijniaio Heynpyroro y^apa; p=4.4-IOc-^7j^;
m =500 mi .
Ms cooTHomeHHfi (35), (40) naxo^HM npadjUEaeHHoe
Bejnrama h0 BHHHCjmeTCH no fopwy^aM (36) -(39). HOHCHHM, KEK
3TO COOTHOffleHHe. IlyCTI. 3aflaHH xapaKTepHCTHKH OHIH(30K
H s , HHiepBan BpeMemi MeKjiy HSMepeHHHMH at ,
oiKJioHeHHe d*, OIUHIJOK TpaeKropHux HSMepemm H
BepsaHHH KA PV B Teiemie BpeivieHH T B
TOHKH m6pau)m L;. . ttpexnojiosmt, HTO KHH ^aHHoro T
BtnucjieHiw o^HOMepHoro BapHaHTa aajiaqn n nocTpoeHH rpa-
$HKH Tana npeflCTasjieHHux na puc. 7, 8, 12-14. C HOMOIUBH) STHX rpa-
$HKOB npH H3B6CTHHX Cj , S MOKHO OnpeflSJIHTB C?A , flJLH KOTOpOPO B6-
POHTHOCTB -Pv pasaa saflaHHOw. nocjie 3Toro us (41) nonyHaeM ouemcy
A^ fljm TpedyeMoM Bapaaurai miomajiH "comeiHoro napyca" KA.
KoHTpojiBHoe penieHHe leTapexi/iepHoii aa^aMH MeTo^ow MoHTe-KapJio
npn sajiaHHHx ci, , g , s , A£ , T H A£ nosscumeT nany^HTt .
HeHHoe snaneHze 'BepoHTHocTH P^ , KOTopoe, soofime rosopa, He
c Tpe<5yeMH?.i. SajiaHHoe SHa^eHHe Pv JiociHraeTCH
3HaHemiH A/S'y njiomajpi napyca.
HTO B KaneCTBe HCXOflHHX SaHHHX HeOdXCJHMO SaflaiB H
lIpH 3TOM B cjiy^ae o^HOMepHoro sapiiaHTa safla^ra (14)
npn pacieie saBHCHMOCTeii Pv ( 6* , <j , s ) B KanecTse HaiajiBHoa
flucnepciffl H. HcnojiBsyeTCH nepsHii ^HaroHajiBHHM aneMeHT r/iaxpHUH R0.
3ia MaTpmia jcuisHa onpe^eJiHTBCH aesaBHCHivio us anajuisa TOIHOCTHHX
xapaKTepnCTHK CHCTerm BHBeaeHHH KA Ha onopHyB opdaiy. B npHMepax,
onKcaHHHx HHxe, paccwaTpHBaeTCH ^sa cxnynaH: jw.6o B HanambHua MO-
M6HT V°= y,°= V^= V<,°=0 H R0=0 (3TOT cJiynafi ociosHaqaeTCH ^=8(0)
" H cooTBeTCTsyeT ToiHOMy BHBefleHra) KA Ha pnopHyio TpaeKTOpiia) , jni6o
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HaiantHoe pacnpe^ejieHHe cosnajiaeT c ycTaHOBHBumMCH. B
npn pacieTe qerapexMepHoro BapaaHTa sa^a^n KJIX Kasworo &$
oijeKHBaeTCH ycTaHOBHBmeecH SHa^erae RJ MaTpimH R0,
KOTopoe oirpe^ejifleTCfl nyren BiraHoneHiw R^ AIH flocTaio^Ho dojaiptx
/V c EOMontbK) peKyppeHTHoro ypaBHeHHH (II) npn<j=0 H s=0.
B&ffiHHHHH A 5 MosHo onpeflejfflTB no npn(3jiHxeHHofl $opuy-
(41). fyvi HaraquHOCTH aasHcsiMOCTH A^ OT d^, H C^A Win HeicoTo-
sapHaHTOB aajiaiH npeflCTaajieHu B Tadmmax 1-6. 3ia



















B KaeTKax 3inx Tabjnm npHBefleHH aHaneHHH A/S' B KBaflpaTHHX
3HaneHHH t\£v B paMKax ^eTHpexuepHofi saflai
TKpex BapnaHTOB. PesyjitTaTH npeflCTaBJieHH B
n;e 7. Bo Bcex BTHX BapnaHTax HHTepBaji BpeweHH ynpaBJieHHH cocTaB-
2 rofla, a TpedyeMan BepoaiHocTB P^ =0.9. BOJEBIUHHCTBO
7 yse oimcaHo B TencTe. ObtacnHM CMUCJI
B CTOJI(3^ax 11-13. B KOHetmo2 Toine ynpaBjieHiw t^ =T B
BffJHcaieHHH HeTHpexwepHofi saaa1™ onpeflejweTCH
Rv . nepsuB flzaroHantHHS ajeMeHT aiofi Maiprnm paseH
(3V). nepBOft KOMHOH6HTH BSKTOpa COCTOHHHH V (fJ ). IIpH 3TOM
npejDjejiBHoft otfjiacTH ynpaBJMeMOCTH (13) onpea&ttHKWCH
KOTopae OTH TOHKH jmdpanHH L4 CHCieMH CojiHue-SeivuiH npn jmdOM n
paBHH 0.74, a win Lg. CHoreMH Sewaa-JIyHa upmmam SHaneHHH B BH-
anasone 0.34-0.79 B aaBHCHMOcra OT 4W .
C noMouo>m MaTpaqu R^ HS (2) MOSHO BI«ZCJIHTB MaTpmiy Kosa-
$aaoBHX nepemeHKHX x, y , x. , y B MOMBHT BpeMemi iv .
d>x , <$y, <pz, (=>$ - «HaroHajn.Hue ajiewseHTu 3108 MaipimH. Haa-
<5ojo>maH HS BamToiH (5*, <->y B ladJimie odosHa^eHa nepes dr . Ana-
(Df. = max( di , (^ ). STH BeJuraiHH xapaKTepasyioT nopjyiOK or-
KA OT Ha^iajTbHoii onopHoM opcJHTu. TaK KaK K MomeHiy tu npo-
ijecc ycTaHaBSHBaeTCH, TO BejoratHH 6Vl , Sn , dt xapaKTepHsyBT H na-
D D*B cjiynae K0= "o .
nojryMHTB irpeaciaBJieHHe o TpedyeMoii TOIHOCTH BU-
KA, odecne'-mBarameii OTKjioHeHEK KA OT onopnoii opdHTH B npe-
sjunmcoima, onpeaeJiHeMoro w.aTpimefi R* , paccwioTpHM saBHCE-
MOCTB Vi OT KimeMaTOTecKHx napaiieTpoB ^BJiseHiiH x, y , i, y ':
m / • \
KoxopaH cjie^yeT HS cooTHomeHiDi (2) H (.40). KoaqEaJanjueHTH Q;= G,--IO
Sim pacc .^^ aTpHBae^!HX s^ecB TO^CK jradpaipiH H sHaneinifi cx , p COOT-
BeTCTE6HHO
li
TOHsa Lt CHCTei»iH C.-3.













B KaqecTBe xapaKrepHCTHK aonycTHMoro oTKioHemiH KoopjiHHaT B naia-
JCbHKg MOM6HT Bpei/ieHH MQSHO flpHHHTB CJiejoyHIOie B67liraHHH
^.. » <
(43)
BapnaHTOB I H 3 Tadjnmii 7
flam
no $opMyjiaM (43) rrpn <jVl






















































































































































































































































































































































































p.c. - CKOPOCTB; y. - yroji; %. - aajn>HOCTi>.
ABTOP (VnarosapHT M.JI.JlHHOBa sa nociaHOBKy
noaon& npa suncwiHeHHH aToft
H nocToan-
JlgrepaTypa.
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